To study the role of inositol 1,4,5-trisphosphate (IP,) receptors during early embryogenesis in Xenopus, we examined the temporal-spatial localization of Xenopus IPs receptor (XIP3R). XIP3R protein is enriched in the animal hemisphere of early cleavage stage embryos and becomes localized in the ectoderm and involuted mesoderm in gastrula stage embryos. Up to tailbud stages, expression of XIP3R is observed in the mesodermal tissues and in most subregions of the central nervous system. A quantitative analysis of endogenous IPs mass during normal early embryogenesis revealed an increase in IP, mass first observed at early gastrula stage of 10.5 with an enrichment in the ectoderm throughout the gastrula stages, implying a potential role during gastrulation. 0 1997 Elsevier Science Ireland Ltd.
Introduction
In mammalian somatic cells, activation of the PI cycle by G-protein coupled or tyrosine kinase-linked receptors triggers hydrolysis of phosphatidylinositol 4,5-biphosphate (PIP2) by phospholipase C-j3 or -y respectively, producing inositol 1,4,5-trisphosphate (IP?) and diacylglycerol (DAG) (Berridge, 1984 for review) . IP3 triggers release of Ca*' from the endoplasmic reticulum into the cytosol through IPs receptor (IP3R) (Ferris et al., 1989; Maeda et al., 1990; Miyawaki et al., 1990) .
The pattern formation of the body plan of the Xenopus review). Lithium was shown to affect D-V axis formation in Xenopus embryos in a stage-specific manner. Early application of lithium (cleavage stage) to Xenopus embryos induces dorsalization and causes a reduction of posterior structures (Kao et al., 1986; Condie and Harland, 1987; Cooke and Smith, 1988; Kao and Elinson, 1989) , whereas a late application (gastrula stage) causes ventralization which results in reduction of anterior structures (Yamaguchi and Shinagawa, 1989; Slack, 1991) . The early lithium phenotype could be rescued by co-injection of myo-inositol (an intermediate of the PI cycle) with lithium, but not by the co-injection of epiinositol (an isomer not part of the PI cycle) (Busa and Gimlich, 1989) . A decrease in embryonic IPs content was noted after lithium treatment (Maslanski et al., 1992) . These lines of evidence suggest that in early cleavage stages, IPs plays an essential role in transducing ventral signals in the process of mesodetrn induction, whereas it may play a different role during gastrulation or neural induction. Recent results, however argue against the inositol depletion hypothesis concerning the mechanism of lithium action on D-V patterning in Xenopus embryos (Klein and Melton, 1996) .
To assess the role of PI-signaling, particularly the IPssignaling in inductive events within Xenopus embryos, we present here the temporal-spatial expression pattern of Xenopus IP3R (XIP3R) and measurements of the concentration of the second messenger IPs during early embryonic development of Xenupus Levis. We found that an increase in IPs mass in the ectoderm occurs after the early gastrula stage of 10.5 and this parallels localization of the XIP3R protein in this region, we speculate that XIP3R may be involved in signaling events in the gastrula and neurula stages of development, in addition to the heretofore proposed role in mesoderm induction.
Results

Temporal expression of XIP3R RNA and protein during Xenopus early embryogenesis
The expression patterns of Xenopus IP3R (XIP3R) transcripts during Xenopus early development were examined in RNase protection assays. An antisense probe derived from the XIP3R cDNA previously cloned (Kume et al., 1993) was used in the RNase protection analysis, as described (Okano et al., 1988; Kume et al., 1997) . Fig. 1A shows a representative result of the XIP3R RNA profile. A densitometric analysis of the protected band corresponding to XIP3R (n = 3) revealed a biphasic expression of XIP3R RNA. The XIP3R transcripts were expressed in substantial amounts in the unfertilized eggs, as maternal RNA. After fertilization, the maternal XIP3R transcripts gradually decreased during the early stages of cleavage and reached an amount approximately 0.2-fold of that in the unfertilized eggs, by stage 11. Zygotic expression of the XIP3R RNA again increased in tailbud stages and reached an amount approximately 0.4-fold of that in the unfertilized eggs, by tadpole stage of stage 41.
The expression pattern of XIP3R protein during early development was determined by Western blot analysis, using a specific polyclonal antisera against XIP3R, as described (Kume et al., 1993) . XIP3R was detected as a single band with an apparent molecular mass of 260 kDa (Fig. lB) , a value somewhat smaller than the calculated molecular mass of 307 kDa (Kume et al., 1993) . This difference may be accounted for by post-translational proteolytic processing, or aberrant electrophoretic migration due to its large size. Fig. 1B shows a representative result of the XIP3R protein profile. A densitometric analysis of the band (n = 5) corresponding to XIP3R of each embryonic stage revealed that XIP3R protein showed a biphasic expression: it is expressed in unfertilized eggs as maternal protein, and the amount decreased during the early cleavage stages, while the amount of XIP3R protein expressed in stage 11 was approximately 0.2-fold of that in the unfertilized eggs. The XIP3R protein expression increased gradually thereafter and reached approximately 0.8-fold of that in the unfertilized egg at tadpole stage of 37. The apparent delayed increase of zygotic XIP3R RNA content compared with that of the XIP3R protein may be due to differences in sensitiv- =%I .
-66 -46 Fig. 1 . Expression of XIP3R during Xenopus early development. (A) RNA profile. Ten micrograms of total RNA extracted at each stage of development with the addition of 10 wg yeast tRNA as carrier RNA, and 20 pg of yeast tRNA as a negative control were analyzed by RNase protection assay for XIP3R transcripts and were subjected to 8 M urea-5% PAGE. Arrowheads show the position of the undigested probe and the protected band. (B) Western blot analysis using an anti-GST-XIP3R antibody (Kume et al., 1993) . Ten micrograms protein from crude membrane fractions taken at each stage of development was loaded onto 5% SDS-PAGE. The large arrowhead shows the position of the XIP3R. The low molecular weight band (small arrowhead) is a non-specific band which appeared in the absence of the anti-XIP3R when avidin-biotin complex methods were used for detection. ities of the detection or stabilities between XIP3R transcripts and proteins.
Spatial expression of XIP3R protein during early
Xenopus embryogenesis
We next examined immunohistochemically the spatial localization of XIP3R in early embryos. Fig. 2 shows sections through g-cell ( Fig. 2A ), 32-cell (Fig. 2B ,E) and blastula stage (Fig. 2C,D) embryos. While no specific stainings were observed with the control normal rabbit serum (Fig.  2D) , XIP3R-positive stainings were observed in the yolkfree cytoplasm, which were more enriched in the animal than in the vegetal blastomeres throughout these early clea- vage stages. The distribution of XIP3R appeared to be uniform along the D-V axis, as frontal sections showed no polarity in XIP3R-positive staining (data not shown). XIP3R was enriched in the perinuclear region as shown in Fig. 2E (arrow) . The localization of XIP3R in the perinuclear region was observed in Xenupus oocytes (Kume et al., 1993 (Kume et al., , 1997 as well as throughout the embryonic developmental stages. This perinuclear localization of XIP3R is of great interest, since several lines of evidence suggest a close correlation between the IP3/Ca2+ signaling system and progression of the cell cycle in Xenopus or sea urchin embryos (Grandin and Charbonneau, 1991; Han et al., 1992; Snow and Nuccitelli, 1992; Kubota et al., 1993; Ciapa et al., 1994; Muto et al., 1996) .
In the gastrula stages, expression of XIP3R was observed in both the presumptive neuroectoderm and the epidermal ectoderm and the involuted dorsal mesoderm (Fig. 3A) . In the early neural fold stage of stage 14 (Fig. 3B ), XIP3R was localized in both neural and epidermal components of the ectodermal germ layer and somitogenic mesoderm. The expression of XIP3R seemed to be uniform along the anterior-posterior (A-P) axis, in the gastrula stage. In the mid neural fold stage ( Fig. 3C showing stage 16), XIP3R was localized in the neural plate, notochord and somitogenic mesoderm and epidermal ectoderm. At tailbud stages of stage 24 (Fig. 4) , distribution of XIP3R was observed in most of the subregions of the central nervous system (CNS) such as brain, eye anlagen, otic vesicles, spinal In early neurula stages, XIP3R is localized in the neural plate (np), notochord (n) and somitogenic mesoderm (m). Strong stainings in the blastocoel marked with an asterisk (*) is due to a fixation artifact. All scale bars correspond to 100 pm. Yolk plug, yp; neuroectoderm, ne; somitogenic mesoderm, m; neural plate, np; notochord, n.
cord, as well as in head mesoderm, notochord, somites and unsegmented sornitogenic mesoderm.
By the tadpole stages, expression of XIP3R became complexed. It is clear that the ubiquitous XIP3R expression in the CNS observed in tailbud stages (Fig. 4 ) became restricted to several specific sites, and expression in organs of endodermal origin such as in the gut (Fig. 5E ) and in the endodermal lining of the pharyngeal pouches ( Fig. 5C ) were switched on. The multiple sites of XIP3R expression are shown in Fig. 5 . In the neural tube, the expression of XIP3R disappeared gradually and finally became confined to a site in the ventral part of the neural tube, the so called floor plate (Fig. 5A,E) . The localization of XIP3R in the floor plate is shown in the parasagittal section ( Fig. 5A ) and in the transverse section (Fig. 5E ). In the brain, the expression of XIP3R was restricted in a region forming the tip of the depression of the diencephalon, the infundibulum, which corresponds to the developing hypothalamus ( Fig. 5A ). XIP3R-positive stainings observed in tailbud stages such as eye anlagen (Fig. 4E) were maintained in this stage in the lens, retina (Fig. 5F ,G) and cranial ganglia (Fig. 5F ). Other sites with XIP3R-positive stainings were observed in the pharyngeal membrane (Fig. 5A) , the pronephre tubes, and the heart (Fig. 5E) . Only a small patch of head mesoderm was XIP3R-positive, in contrast to overall stainings in tailbud stages (Figs. 4E and Fig. 5A ). Another interesting feature is that XIP3R was enriched in segmental boundaries of the somites (Figs. 4A and Fig. 5D ) as well as the unsegmented somitic mesoderm (Fig. 4A) . The expression of XIP3R in the somites persisted in the tadpole stage.
Increase in IP3 mass during gastrulation stages
The localization of XIP3R implicated that IPa may play multiple roles such as regulation of D-V patterning, neural inductions, or morphogenesis during early embryonic development. To evaluate the involvement of IP$Ca'+ signaling in these events, we determined changes in the total amount notochord; (D) hindbrain, otic vesicle; (E) forebrain, eye anlagen and head mesoderm. All scale bars correspond to 100 Hrn. Brain, br; neural tube, nt: otic vesicle, ov; eye anlagen, e; somites, m; notochord, n; forebrain. tb; hindbrain, hb; head mesoderm, hm. of IF'3 after fertilization throughout early embryonic development. If PI cycle activity is involved in signal pathways in inductive processes, the IP3 mass should change, coincidently with inductive events. Using a commercial competitive [3H]IP3 binding assay, we observed basal IP3 masses of 60 k 6.6 fmol per embryo at the S-cell stage, which remained low during early cleavage stage (Fig. 6) . This value was similar to the basal level of IP3 mass determined in studies of unfertilized eggs of 53 fmol per egg and g-cell stage embryo of 74.6 fmol per embryo (Maslanski et al., 1992; Stith et al., 1993 ). An increase in total IP3 mass was first observed at the early blastula stage of 10.5 in which gastrulation begins (P < 0.01, Student's paired t-test). The total IP3 mass which increased during gastrulation resulted in approximately over a 3-fold increase in IP3 mass in the early neurula stage of stage 17, compared with that of the basal level in the g-cell stage embryo. In late developmental stages (the tailbud stages), IP3 mass was observed to increase further, which became approximately a 9-fold increase of IP3 mass by tadpole stage 33, compared to that of the basal level in the &cell stage embryos. We observed no apparent increase in total protein content per embryo up to stage 33 (data not shown), perhaps due to a large contribution of the yolk protein. Therefore, the developmental change in IP3 mass, when normalized with per protein bases, show the same pattern as that shown in Fig. 6 .
Concentrated distribution of IPs mass to the presumptive neuroectoderm
The elevation of IP3 mass was first observed at the start of gastrulation, which temporally corresponds to the onset of neural induction. To assess the possible involvement of IPd Ca*+ signaling in neural induction, we measured the regional distribution of IP3 mass within early gastrula to early neurula Xenopus embryos. IP3 mass was compared between the ectoderm (stages 9, lo), presumptive neuroectoderm (stage 10-13) or the neuroectoderm (stage 14) and the remaining mesoderm and endoderm (Fig. 7) . When normalized with per total protein bases, IP3 masses were shown to be significantly higher in the presumptive neuroectoderm (or neuroectodenn) than in the remaining mesoderm and endoderm (Student's paired t-test, P < 0.006).
Discussion
The PI-signaling system has been proposed to be involved in early embryogenesis as suggested by the action of lithium (see Busa, 1988 for review; Busa and Gimlich, 1989; see Berridge, 1993 for review) . It is of interest that the PI-signaling system which was demonstrated to play key roles in the signal transduction in the formation and propa- A schematic drawing of the excisions of the explants is given below the graph. IP, mass is significantly enriched in the neuroectoderm (Student's paired r-test, P < 0.006) throughout these stages. Each point represents the mean + SD; n = 4 for stages 9, 10, 12, 14; n = 2 for stage 11.
gation of the activation wave upon fertilization (Han et al., 1992; Miyazaki et al., 1992; Galione et al., 1993; Kume et al., 1993; Nuccitelli et al., 1993; see Whitaker and Swarm, 1993 for review; Parys et al., 1994) would be again required in early pattern formation. To gain insights into actions of the PI-signaling system, we focused on XIP3R. We obtained evidence for the temporal-spatial expression of XIP3R during early embryogenesis of Xenopus laevis, using a polyclonal antibody which recognizes XIP3R specifically (Kume et al., 1993) , and we measured IPs levels during early embryonic stages. We observed an increase in IP3 mass accompanying gastrulation, and that increase in this mass was prominent in the presumptive neuroectoderm. The possible role of XIP3R in morphogenesis is also discussed.
Temporal expression pattern of XIP3R RNA and protein
The present results suggested that the expression of XIP3R mRNA and protein was biphasic: the maternal transcripts and protein in unfertilized eggs decreased gradually during early cleavage stages, then zygotic protein increased and accumulated from gastrula toward tadpole stages. The biphasic expression pattern of XIP3R suggests that the IPs signaling system may act as second messenger in multiple inductive pathways, which seems to correlate with the phase-dependent sensitivities to lithium proposed earlier: one in the mesoderm induction (see Busa, 1988 for review; Maslanski et al., 1992) , and another during gastrulation or neural induction, or further in morphogenesis (Yamaguchi and Shinagawa, 1989) .
XIPSR localization and the action of lithium in early cleavage stage embryos
The animal-vegetal (A-V) gradient of XIP3R expression was first established in oocytes (Kume et al., 1993) and was maintained throughout the early cleavage stages. The expression of XIP3R in the ectoderm of gastrula stage embryos agrees well with the fate map of animal pole cells, which are shown to constitute the ectoderm of blastula and gastrula stage embryos (Bauer et al., 1994) .
The present results of an even distribution of XIP3R along the D-V axis seem to agree with previous observations that ectopic expression and stimulation of a PI-coupled 5hydroxytryptamine (5HTlc) receptor yielded equivalent [Ca'+]i signals in both the ventral and dorsal halves of the embryo (Ault et al., 1996) . Moreover, it was shown that historical grafting experiments of the organizer to the ventral site led to generation of a duplicated dorsal axis (Spemann, 1938) , and that overexpression of a ventralizing factor, BMP-4, in the dorsal part of the embryos where it is not actively expressed in normal embryos can ventralize embryos in Xenopus (Dale et al., 1992; Jones et al., 1992) . Taken together, the machinery for transducing dorsal or ventral signals is likely to be evenly distributed along the D-V axis, implying that localization of active signals for dorsal or ventral would specify the fate of the mesoderm. It will be of interest to determine whether the activity of the secondary messenger, IP3, has a D-V gradient in responding to the upstream ligand.
Lithium induces an ectopic axis in cleavage stage embryos of Xenopus. The PI-signaling system is a putative target of lithium: lithium is thought to inhibit inositol monophosphatase and inositol I-phosphatase, and to deplete inosit01 (see Berridge et al., 1989 for review) . There are lines of evidence suggesting that PI-signaling is a candidate of the target of lithium: co-injection of myo-inositol with lithium could rescue the effects caused by lithium (Busa and Gimlich, 1989) ; and that overexpression of receptors that activate the PI cycle signal was able to modulate Xenopus embryo mesoderm-specific gene expression and dorsoanterior patterning (Ault et al., 1996) . There is also evidence which does not support the inositol depletion hypothesis to interpret the action of lithium. First, the action of lithium upon Xenopus D-V pattering was not mimicked by an inhibitor, bisphosphonate L-690,330, which is a more potent antagonist of inositol monophosphatase, one of the target enzyme, than lithium (Atack et al., 1993; Klein and Melton, 1996) . Second, lithium may exert its effects through the inhibition of glycogen syntbase kinase-3 (GSK3) (Klein and Melton, 1996) . To address those apparent discrepancies, we designed specific inhibitors of IP3-induced Ca'+ release (IICR). We recently isolated functional blocking monoclonal antibodies which recognize specifically XIP3R and inhibit IICR. The roles of the IPs/Ca2+ signaling system in D-V axis formation are currently under investigation using these antibodies.
XIPSR and gastndation / neural induction
We detected an increase in IPs content first observed at the early gastrula stage of 10.5 throughout the gastrula stages, and a further increase in IPs mass was also observed at later stages until tadpole stage of 33. It is of interest to note that in spite of a large increase in cell number during early developmental stages, the content of phospholipid, including that of PI, was reported to remain constant throughout Xenopus day l-6 embryos (Rizo et al., 1994) . Therefore, the developmental change in IP3 mass is not simply due to an increase in total cell membrane generated by cell proliferation, but might probably due to a specific signaling event during these stages.
During gastrula stages, morphogenetic movements occur progressively as the dorsal marginal zone involutes. Neural induction of the ectoderm is proposed to be mediated through soluble factors secreted from involuted organizer cells, which act on the overlying ectodermal cells by blockade of BMP4 mediated signaling (Wilson and HemmatiBrivanlou, 1995; Piccolo et al., 1996; Zimmerman et al., 1996) . Our present XIP3R localization data and measurement of IPx mass suggested an activation of IPs/Ca'+ signaling during gastrulation in the ectoderm, thus implying a role for XIP3R in transducing signals in regulation of neural induction or alternatively in morphogenetic movements during gastrulation. An increase in the expression of PI-coupled Gaq after midblastula stage has been observed (Gallo et al., 1996) . Protein kinase C (PKC), another member of the PIsignaling system, may be involved in mediating neural induction (Otte et al., 1988) . Since PKC is activated by DAG and Ca2+, it is of interest to determine if IP3/Ca2+ and/or the PKC signaling system also have a role in neural induction. Whether or not the IPs/Ca2' signaling system has a role in BMP4 mediated signal transduction would need to be determined. Maslanski et al. (1992) noted an increase in IP3 mass, as compared with the basal level between 32-and 64-cell stages of Xenopus laevis. However, we found it hard to detect such an increase in these early stages. The discrepancy between our results and theirs may due to differences in the phase of the cell cycle. A periodic change in IPs level was observed in early sea urchin embryos (Ciapa et al., 1994) .
XIP3R and morphogenesis
In contrast to the seemingly simple pattern of XIP3R expression in the early embryo, the expression pattern becomes intricate in later embryos of tailbud and tadpole stages. In early tailbud stages, XIP3R-positive stainings were observed in almost all of the subregions in the CNS. As different neural domains arise in these stages, neuronal differentiation initiates around early tailbud stage of stage 22 and almost all of the spinal cord and brain are populated with differentiated neurons by the tadpole stage of 35/36, (Hartenstein, 1993) , the ubiquitous expression of XIP3R in the CNS in a stage-specific manner in the tailbud stage embryos suggests a possible role of IP&a2' signaling system in the morphogenesis or neuronal differentiation of the CNS.
By the tadpole stage, the ubiquitous expression of XIP3R in the brain and neural tube disappeared, and the XIP3R-positive stainings became gradually restricted to specific regions. The expression of XIP3R in the floor plate, notochord and somite is of great interest. Studies on chick embryos showed the floor plate and notochord to be sources of inductive cues involved in determining ventral neural fate (Yamada et al., 1992) . Studies on zebrafish no tail mutation suggested that interactions between notochord and paraxial mesoderm are necessary for proper somite patterning (Halpem et al., 1993) . Therefore, it is tempting to consider that IP3/Ca2' signaling may have a role in the transduction of these inductive cues. In contrast to the decreased XIP3R-positive stainings in the brain and neural tube, XIP3R-positive stainings in the gut and endoderm derivatives of pharyngeal pouches were observed to be switched on in this stage. This switch of XIP3R expression is intriguing, and the presence of XIP3R in such diverse tissues indicates that the IPj/Ca2+ signaling system is likely to be involved in morphogenesis, organogenesis, or in transducing many different cellular functions in these early stages. XIP3R may have a role in folding and fusion of epithelia: in the pharyngeal pouches, endodermal and epidermal epithelia fuse to form gill slits. Fusions of epithelial tissues also occur in the base of infundibulum with the pharyngeal roof endoderm. Both sites were XIP3R-positively stained and sites which leads to formation of the pituitary gland. Another interesting feature is that XIP3R is enriched in segmental boundaries of somites as well as unsegmented somitogenic mesoderm. It will be of interest to determine if XIP3R is involved in signal transduction by exerting cues for segmentation or maintaining the competency for muscle differentiation.
Experimental procedures
Embryos
Adult Xenopus laevis were purchased commercially (Hamamatsu Seibutsu). Xenopus embryos were obtained 166 S. Kume et al. /Mechanisms of Development 66 (1997) 157-168 by artificial fertilization, as described (Kume et al., 1993) . The stage series was determined according to that of Nieuwkoop and Faber (Nieuwkoop and Faber, 1967) .
RNase protection analysis
RNA was extracted from embryos at each stage, by the ribonucleoside-vanadyl complex method (Berger and Birkenmeier, 1979) . A sample of 10 pg of total RNA taken at each stage of development was hybridized with an RNA probe for XIP3R and analyzed by RNase protection studies, as described (Okano et al., 1988; Kume et al., 1997) . The intensity of the protected band was quantified by computerized densitometry using programs equipped in a bioimage analyzer (Fuji BAS 2000) .
Preparation of crude membrane fraction and Western blot analysis
The crude membrane fraction was prepared as described (Kume et al., 1993) . Samples of crude membrane proteins (10 pg) at each stage were electrophoresed on a 5% SDSpolyacrylamide gel (PAGE) (Laemmli, 1970) and transferred to a nylon membrane. The blots were immunostained with polyclonal antibodies raised against the XIP3R, as described (Kume et al., 1997) . The intensities of the immunoreactive bands were quantified by computerized densitometry, using the public domain NIH Image program (written by Wayne Rasband at the US National Institutes of Health and available from the Internet by anonymous ftp from zippy.nimh.nih.gov or on floppy disk from NTIS, 5285 Port Toyal Rd., Springfield, VA 22161, part number PB93-504868).
Fixation and immunohistochemistly
Xenopus embryos were fixed in 4% paraformaldehyde in 0.1 M phosphate buffered saline (PBS) at 4°C for 2 h. Immunohistochemistry was carried out as described (Kume et al., 1993) . Briefly, samples were dehydrated in a graded series of ethanol, embedded in paraffin and cut into 6 pm thick sections, which were then deparaffinized and equilibrated with PBS. The sections were then treated with 0.5% (w/v) skim milk (DIFCO), 0.2% (v/v) Triton X-100 / PBS as blocking agents for 1 h at room temperature, then washed with PBS and incubated overnight (16-20 h) with anti-XIP3R polyclonal antiserum (Kume et al., 1993) diluted 1: 100 with blocking solution at 4°C. Normal rabbit sera served as negative controls. Sections were washed with PBS and incubated for 1 h with FITC-conjugated anti-rabbit antibody (Vector). After washing in PBS, the sections were mounted in 1% n-propyl gallate in 80% glycerol, 20% PBS.
Dissections of embryos
Ectodermal
and neuroectodermal explants were dissected, as described (Otte et al., 1989) . The ectoderm of stage 9, 10 or presumptive neuroectoderm of stage 11 to 13 and neuroectoderm of stage 14 of Xenopus embryos was excised. Care was taken to eliminate contamination by the underlying mesoderm. Excisions were done in lx modified Barth's solution (MBS; 88 mM NaCl, 1 mM KCl, 2.4 mM NaHCOs, 10 mM HEPES (pH 7.5), 0.82 mM MgS04, 0.33 mM Ca(NO&, 0.41 mM CaC12) on Petri dishes lined with 1% agarose. Explants were washed twice in lx MBS, then groups of 15 excised explants or the remaining endoderm plus mesoderm were pooled and frozen in liquid nitrogen, followed by extraction of IPs mass with 150 ~1 perchloric acid (PCA) and 1 n&l EDTA.
Measurement of inositol 1,4,5trisphosphate contents in Xenopus embryos
Xenopus embryos were pooled in aliquots of 15, and were placed in liquid nitrogen. The frozen embryos were quickly homogenized in 230 1.11 of 10% PCA and 1 mM EDTA by sonication using Ultrasonic Disrupter (Tomy), followed by neutralization with KOH to pH 7 and were assayed for IPs mass. The total amount of IPs in Xenopus embryos was determined using a commercial IPs radioligand-binding assay system (Amersham). Assay reliability was determined by assaying serial dilutions of cell extracts supplemented with different amounts of unlabeled IPs. All assays to obtain each determinant were carried out in duplicate. IPs contents were defined as fmol/embryo or fmol/mg protein for embryos or explants, respectively. Protein contents were determined by solubilization of the PCA extracted pellet with a solution containing 0.1 N NaOH and 1% Triton X-100. Sonication was done to facilitate solubilization and assay was done by using Bio Rad Protein Assay (Bio Rad).
